SUMMARY The complications inherent in cannulation of the radial (group I) and dorsalis pedis (group II) arteries were studied in 46 patients. All the local and systemic variables which might be considered to contribute to damage of the artery were studied, from which it appeared that only the duration of cannulation, prothrombin time and partial thromboplastin time were significant in determining post-cannulation blood flow. A 20-gauge Teflon cannula was used in all patients and velocity of flow measured with a D op pier velocimeter probe. A majority of arteries showed a reduction of flow velocity for 24-72 h after the removal of the cannula, with evidence of improvement at 120 h. In six arteries-three in each group-flow ceased altogether after 24-72 h. No disability of either hand or foot resulted.

PATIENTS AND METHODS
Forty-six adult patients undergoing elective surgery were studied. Patients with a history of diabetes mellitus, hypertension and peripheral vascular disease, and those receiving vasopressor or anticoagulant therapy were excluded from the study. Estimation of fibrinogen concentration, prothrombin time (PT), partial thromboplastin time (PTT), and serum cholesterol and triglyceride concentrations was carried out in all patients before surgery.
Patients were randomly allocated to two groups, and had either their radial (group I) or their dorsalis pedis (group H) artery cannula ted. The adequacy of the collateral blood supply to the hand was evaluated (group I) before operation using the (Allen, 1929; Oh and Davis, 1975) . The result was graded as: grade 1 = normal, 0-7 s "flush time"; grade 2 = equivocal, 8-14 s; grade 3 = poor or abnormal, longer than 15 s.
Velocity of blood flow was determined before cannulation in all patients with a bi-directional (forward and reverse flow) Doppler velocimeter probe with recorder and memoryscope ("Vasoflo 2" non-invasive vascular laboratory, Sonicoid). Peak systolic velocity (forward flow) and maximum diastolic velocity (reverse flow) were measured from the calibrated chart record in cm s" 1 . All cannulations were performed by one investigator in the operating room after careful scrubbing, but without gloves. The skin of the patient was prepared thoroughly with alcohol swabs. A 20-gauge non-tapered Teflon cannula (Angiocath) was inserted directly percutaneously as for an i.v. cannulation. This was taped, but not sutured, in place and no topical antibiotic was applied.
During the period of cannulation all cannulae were flushed continuously at 3 ml h" 1 with saline containing heparin 2 u. ml" 1 . Details of arterial cannulation were recorded, including the site, the number of times the artery was punctured and whether or not a haematoma was present.
After the catheter was removed, pressure was applied for 5 min. The distal and proximal catheter segments were clipped under sterile conditions and dropped separately into two sterile containers. Proximal and distal ends of the catheter were cultured separately on cooked meat media or thioglycollate broth incubated at 32 °C and examined for growth after 24 and 48 h. If no growth was found, a subculture was made on blood agar plates incubated both aerobically in 5 % carbon dioxide and anaerobically at 35 °C for 24 h. Any growth was identified and tested for antibiotic sensitivity.
All patients were examined immediately after decannulation by one investigator and the velocity of the flow was recorded by the ultrasonic probe just distal to the site of cannulation. The direction of flow (forward or reverse) was determined from the paper trace and the peak velocity was measured for both flows. These flow studies were repeated after 24, 72 and 120 h. At the time of removal, the patency of the cannula was noted and the site inspected for evidence of infection, haematoma or discolouration of the surrounding skin.
Statistics
Results are expressed as mean (±SD). Unpaired Student's t test was used to test the differences between two sample means, and Chi-square or Fisher's exact test for homogeneity where appropriate. Values of ?< 0.05 were considered to be statistically significant.
In an attempt to predict which variables appeared to be important in contributing to any reduction in the velocity of flow, multiple linear regression techniques were used. The independent variables were age, Allen's test (in radial artery group), number of attempts at arterial puncture, duration of cannulation, fibrinogen concentration, prothrombin time (PT), partial thromboplastin time (PTT), and serum cholesterol and triglyceride concentrations. These independent variables were regressed on the difference between velocity of the flow before cannulation and that immediately after removal as well as at 24, 72 and 120 h after removal. Several approaches were used to select the best regression model for each variable (step-wise, forward selection, backward selection). The data were loaded on a mainframe 4361 IBM Computer Model 5 and the statistical analysis (SAS) package used.
RESULTS
Patients in both groups were comparable with respect to age and sex distribution (table I) .
Fibrinogen concentrations were slightly but significantly higher in group I (P < 0.05), but the results of the rest of the laboratory investigations were within their normal ranges (table II) . Table III shows that 17 patients (68 %) in group I had good collateral flow before cannulation (Allen's test grade 1) and eight patients (32 %) had diminished flow (Allen's test grade 2).
The numbers of arterial punctures were 1.8 + 0.9 and 1.6±0.7 (mean±SD) in groups I and II, respectively. The duration of cannulation in the dorsalis pedis group was longer, but not significantly so (tables IV and V). Three patients in each group developed complete occlusion of their vessels. In group I, radial artery occlusion occurred 72 h after decannulation in all three. In group II, dorsalis pedis thrombosis occurred 24 h after decannulation in two patients and 72 h after decannulation in the third patient. The incidence of decreases in forward flow (peak systolic velocity) after 24 h was significantly higher (P < 0.05) in the dorsalis pedis group. Fifteen patients (71%) in the latter group had variable degrees of reduction in forward flow and it was significant 24 h (P < 0.01) and 72 h (P < 0.05) after decannulation compared with the pre-cannulation values. In the radial artery group, 16 patients (64 %) also showed variable degrees of reduction in forward flow which were significant at 24 h (P<0.01) and 72 h (P < 0.025) after decannulation when compared with pre-cannulation values (tables IV and V).
There was no correlation between the abnormality of Allen's test and the decrease in the flow after decannulation. Reduction in the flow in both groups was not related to sex difference.
Multiple regression analysis showed that the decrease in forward flow velocity was significantly related to the duration of cannulation in both groups. Furthermore, the contributions of PT and PTT were significant. Two-sample regression equations will be discussed later.
There were no significant changes in the reverse flows (maximum diastolic velocities) in either group when compared with the pre-cannulation values (table VI) .
No patient developed bruising or signs of impaired perfusion of the hand or foot during or following cannulation and all cannulae were patent at the time of removal.
Staphylococcus epidermidis was isolated from the catheter tip in four instances in each group. The durations of cannulation in these patients were 25.1 ±21.4 h (radial artery) and 54.7±21.4h (dorsalis pedis artery). The incidence of positive culture from the hub was greater and S. epidermidis was isolated in 14 patients (56%) and 10 patients (47.6%) in the radial artery and dorsalis pedis group, respectively. In addition, Streptococcus faecalis and Proteus species were isolated from two catheter hubs in the radial artery group. No patient developed bacteraemia or septicaemia. There was no correlation between the incidence of occlusion or flow impairment and the occurrence of infection in either group. Studies on percutaneous radial artery cannulation vary widely in the reported incidence of complications. Current evidence indicates that both the type and size of cannula used, and the duration of cannulation are important factors in determining the incidence of post-cannulation thrombosis. Using 15-gauge Teflon cannulae, Little, Clarke and Shanks (1975) reported complete occlusion of the radial artery in 22 out of 41 cannulations (54%) and, of these, 13 developed features of mild ischaemia. The reported incidence of radial artery occlusion following cannulation with 20-gauge Teflon cannulae varied from 0% to 21 % (Davis, 1978; Kim, Arakawa and Bliss, 1975) . Bedford and Wollman (1973) noted a definite relationship between the duration of cannulation and arterial occlusion. Youngberg and Miller (1976) , using 20-gauge Teflon cannulae, reported a 6.7% incidence of thrombosis following dorsalis pedis artery cannulation for less than 24 h; one of the patients, however, had evidence of ischaemia in his foot. In the present study, using 20-gauge Teflon cannulae, three patients (12%) in the radial artery group and three (14%) in the dorsalis pedis group had complete occlusion of their vessels. This occurred 72 h after decannulation in the radial artery group and 24 h after decannulation in two patients in the dorsalis pedis group.
A progressive reduction in forward flow was observed in both arteries after decannulation, and this appeared to show some recovery after 72-120 h, although the differences (tables IV and V) were not significant. The reduction in forward flow in the dorsalis pedis artery was significantly greater than that in the radial artery at 24 h only (P < 0.05). However, it is important to note that the transcutaneous continuous-wave Doppler instruments measure velocity of flow rather than We found no correlation between the abnormality of the Allen's test and the reduction of flow after decannulation. Slogoff, Keats and Arlund (1983) reported that cannulation of the radial artery in patients with abnormal Allen's tests did not result in abnormal flow or ischaemia. Therefore, the value of Allen's test as a predictor of ischaemia should be questioned.
Our findings showed no correlation between sex and the incidence of occlusion. This agrees with Davis and Stewart (1980) , although Kim, Arakawa and Bliss (1975) and Slogoff, Keats and Arlund (1983) found a correlation between female sex and the incidence of arterial occlusion.
All approaches of the multiple regression analysis were consistent and yielded the same set of models for each of the dependent variables. In the radial artery group, the best five model variables found for the changes in the forward flow after 72 h were selected on the basis of inclusion of many independent variables and on the significant improvements of the r ! value over the best four model variables. The sample regression equation for the difference in the forward flow velocity (cm s" 
where the partial regression coefficient of the duration of cannulation was significantly greater than zero (P = 0.0065) and that for PT was significantly smaller than zero (P = 0.05). The other independent variables in equation (1) 
where the partial regression coefficient of "duration of cannulation" was significantly greater than zero (P = 0.02) and that for "FTT" was significantly smaller than zero (P = 0.01). The multiple regression techniques used in this study substantiate that the cholesterol, triglycerides and fibrinogen concentrations, age, duration of Allen's test and the number of attempts at arterial cannulation were not of any predictive value in the occurrence of flow abnormalities. The two equations presented are the result of both statistical and non-statistical considerations (Daniel, 1983) and can be utilized to predict the likelihood of changes in the velocity of the flow after decannulation. Further studies are needed to estimate the accuracy of these equations. The reduction of forward flow velocity was significantly related to the duration of arterial cannulation in the radial artery group (P = 0.0065, equation (1)) and the dorsalis pedis group {P = 0.02, equation (2)). This finding agrees with other reports by Bedford and Wollman (1973) and Evans and Kerr (1974) . This can also explain the higher incidence of decreased velocity of the flow in the dorsalis pedis group in this study. This group had the artery cannulated for a mean period of 35.7 h compared with 21.8 h in the radial artery group-although this difference was not significant. Increased PT and PTT decreases the likelihood of forward flow reduction. Davis and Anzult (1979) reported a 39% incidence of contamination of radial artery catheters, and Band and Maki (1979) demonstrated an 18% colonization rate of arterial catheters and a 4% incidence of bacteraemia. Adams, Speer and Rudolph (1980) reported a 25 % colonization rate of arterial catheters with only a 0.6 % rate of bacteraemia. He found no correlation between incidence of infection and duration of cannulation. In this study, we cultured both the distal end, which is linked to colonization within the blood, and the proximal catheter, which is linked to skin colonization. Maki, Weise and Sarafin (1977) suggested that most blood stream infections occur from skin colonization. In our study, the catheter contamination rates were 16 % and 19% in groups I and II, respectively-values lower than those reported previously after arterial or venous catheterization (Fuchs, 1971; Band and Maki, 1979; Davis and Anzult, 1979) . No patient developed bacteraemia and no correlation was found between the incidence of infection and the impairment of flow. The incidence of hub colonization was greater in the radial artery group (56%) than in the dorsalis pedis group (48%). Hoyt (1984) in a review of factors contributory to infection suggested that no arterial catheter should be left in place for longer than 4 days because of the strong correlation between duration of cannulation and colonization and bacteraemia.
In conclusion, this study demonstrated that percutaneous dorsalis pedis arterial cannulation provided a suitable alternative to the radial artery. Using 20-gauge Teflon cannulae, we found no major complication associated with the cannulation of either artery. Our findings suggest that cholesterol, triglyceride and fibrinogen concentrations, age of the patient, an abnormal Allen's test and the number of arterial punctures are not of significant value in predicting the occurrence of abnormalities of flow following the removal of the cannula. We found that the incidence of impaired flow after decannulation was directly related to the duration of cannulation and inversely related to plasma PT and PTT values.
